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PARAMETRIC REENTRY STUDY OP ELLIPTIC 


EARTH ORBITS WITH APOGEES UP TO 10 000 NAUTICAL MILES 
By William. R. Pruett 
SUMMARY AND INTRODUCTION' 


This document is presented as an extension of several similar 
Internal notes which have heen published as an aid in general 
mission planning (ref. 1 through 5). Since these earlier internal 
notes consider only circular and low elliptic orbits., it was 
thought desirable to publish a similar study on high elliptic orbits. 
Therefore., this document considers elliptic orhits with perigees up 
to 200 n. mi. and apogees up to 10 000 n. mi. For each orbit 
considered, various retrofire AV’s were used every 10° in true 
anomaly from 0° to 360°. Also, retrograde pitch angles of 0°, 10°, 
20°, 30°, 40°, and 30° were used for each AV. 


mathematical model 


Ke plerian equations, a spherical rotating earth, and instantaneous 
velocity changes were used in this study. The Keplerian solutions 
were obtained from a general elliptical orbit and reentry program, 

E042. A reentry altitude of 400 000 ft and a circular earth with 
a radius of 20 90J kkj ft were used. Beta angles are measured 
positive clockwise from the local horizontal as indicated in the 
figure below. 
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DISCUSSION OF RESULTS 


The results of the study are presented in 4-5 figures of inertial 
velocity at 4-00 000 ft, inertial flight-path angle at hOO 000 ft, time 
from retrofire to 400 000 ft, and central angle of travel (orbit 
referenced) from retrofire to 4-00 000 ft. All of these parameters are 
plotted as a function of true anomaly of retrofire. The various pitch 
angle curves are found on each plot. A complete set of figures is 
provided for each orbit and AV considered. 

It should be noted that for the orbits with apogees less than 
1000 n. mi., AV's of from 100 fps to 'JOO fps were used, while AV's 
from 100 fps to 2100 fps were used for the orbits with apogees from 
2000 n. mi. to 10 000 n. mi. This was done in order to present the 
most valuable picture of reentries throughout the entire orbit without 
using unrealistic AV's for the orbit being considered. However, for 
the higher apogees, AV's of 2100 fps were still not sufficient to 
reenter from the perigee region. Therefore, figures 4-5 (a) through (e) 
were prepared to indicate the AV's needed in this region. 

The figures present the minimum AV needed at perigee to achieve a 
reentry. There is a figure for each perigee altitude considered in 
the document, and the apogee altitudes axe used as the parameter which 
AV is plotted against. Thus, for any of the orbits in this document, 
one may determine the minimum AV needed at perigee to reenter. Naturally, 
these reentries would have flight-path angles near 0° at 4-00 000 ft, 
and the AV needed to achieve such a reentry would be the minimum AV 
needed to be assured of reentry capability from anywhere in the orbit. 
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(b) Time from retrofire and central angle for retrograde AV = 100 feet per second. 
Figure 1.- Continued, 


Inertial flight-path angle at 400 000 feet, deg 
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(d) Time from retro! ire and central angle for retrograde AV == 300 feet per second. 
Figure 1.- Conliniled, 



True anomaly of retroflre, 0 TR , deg 


True anomaly of rctroffre, 0^- R , deg 


(e) Flight-path angle and ecloe ity for retrograde AV = 500 feet per second. 
Figure 1.- Continued. 
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(f) Time from retrof ire ancf central angle for retrograde AV = 500 feet per second. 
Figure 1.- Continued. 



<g) Flight- path angle and velocity for retrograde &V = 700 feet per second. 
Figure 1 Cojitt nued. 
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True anomaly of rctroflre, 0 TR , deg True anomaly of rctroflre, 0 TR/ dog 

' <10 Time from retrof ire and central angle for retrograde AV = 700 feel per second. 

Figure 1.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV=lO0 feet per second. 

Figure 2.- Reentry parameters os a function of true anomaly of retrofire From various pitch angles for 80/400 nautical mile orbit. 
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(b) Time from retrofire and central angle for retrograde AV=100 feet per second. 


Figure 2.- Continued, 


fnertfaf flight-path angle ai 400 000 feel, y^, deg 







0 40 80 120 160 200 240 280 320 360 


True anomaly of retroflre, Oj R , deg 
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True anomaly of retroflre, 8^ R , deg 


Cd) Time from retroflre and central angle for retrograde AV = 300 feet per second. 
Fjgure 2.- Continued. 
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True anomaly of retrof Ire, 9 deg t True anomaly of retrofire, Gyp, deg 


<e) Flight-path angle and velocity for retrograde AV = 500 feet per second . 
Figure 2.- Continued, 






(f)Ttme from retrof fre anil central angle for retrograde AV = 500 feet per second. 
Figure 2. - Continued. 
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Inert! al flight-path angle at 400 000 feet, y ( , deg 
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(g) Flight-path angle and velocity for retrograde |W = 700 feet per second. 
Figure 2 - Continued, 
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True anomaly of relroffre, de'j 
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(h)Tlme from retroflre and central angle for retrograde AV = 700 feet per second. 
Frgure 2.- Concluded. 
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Inertial Flight— path angle at 400 000 Feet, y., deg 
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(a) Flight-path angle and velocity for retrograde AV= 100 feel nor second. 

Figure 3.- Reentry parameters as a function of true anomaly of retrofrre from various pilch angles for a 80/600 nautical mile orbit. 
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(b) Time from retrofire and central angle for retrograde AV = 1 00 feet per second. 

Figure 3.- Continued. 
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(c)lFlighl-path angle and velocity for retrograde AV = 300 feet per second. 
Figure 3.- Continued 
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Figure 3.- Continued. 
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(e> Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 3." Contirtued, 
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(f) Time from relrofire and central angle For retrograde &V ~ 500 feet per second. 
Figure 3.- Continued. 
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( 9 ) Flight-path angle anil velocity for retrograde AV = 700 feet per second. 


Figaro 3.- Continued, 




True anomaly of retrof Ire, 0j.p, deg True anomaly of rotroftrejSj-p, deg ' 

(h) Time from rctrofirc and central angle for retrograde AV = 700 feet per second. 

Figure 3,- Concluded. 


ro 


ro 

00 



Figure 4.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles (or 80/800 nautical mile orbit. 




<l)) T i me from retrof ire and central angle for retrograde AV = 100 feet per Second, 


Figure 4,- Continued. 
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(c) Flight- path angle and velocity for retrograde AV = 300 feet per second. 


Figure 4,- Continued. 




(d) Time from retrofirc and central angle For retrograde AV = 300 feet per second, 
Figure 4.- Continued. 
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Inertial flight-path angle at 400 000 feet, deg 
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(e) Flight-path angle and velocity for retrograde AV = 500 feet per second. 


Figure 4.- Continued. 



(f) Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 4.- Continued. 
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(g) FliglU— path angle and velocity For retrograde AV = 700 feet per second. 
Figure 4.- Continued 






(Ill T imo from retrofiro and central angle For retrograde AV = 700 feet per second. 
■ Figure 4.- Concluded. 


U> 

\J1 


00 

ON 



0 40 80 120 160 200 240 280 320 360 

True anomaly of relroflre, 0^.^, dog 
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(a) F light- path angle and velocity for retrograde AV = 100 feet per second 
Figure 5.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 80/1000 nautical mile orbit. 
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True anomaly of retroflre, 8 yp, deg True anomaly of retroflre, 0 y^, deg 

(b) T ime from rotroflre and central angle for retrograde AV = 100 feet per second. 

FigureS.- Continued. 
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Inertial flight-path angle at 400 000 feet 



(c) Flight-path angle and 


Inertial velocity at 400 000 feet 
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for retrograde AV - 300 feet per second, 
5.- Continued. 









(d) Time from retro fire and central angle for retrograde AV = 300 feet per second. 


Figures.- Continued, 
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<e) FligM-path angle and velocil 


Inertial veloclty/al 400 000 feel, 
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True anomaly of retroflre, 0 deg 


for retrograde AV — 500 feet per second, 

'0 5.- Continued. 
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(f) T ime from relrof ire and central angle for rctrog rad e 4V = 5 00 feet per second . 


Figure 5.- Continued. 
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(g) Flight-path angle and velocity for retrograde A V = 700 feet per second. 


Figures.- Continued 
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<10 Time from rctrofirc and central angle for retrograde AV = 700 feet per second. 

Figure 5.- Concluded. 
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True anomaly of retrofirc, 6^, deg 



(a) Flight- pall) angle and velocity for retrograde AV = 100 feel per second. 

Figure 6.- Reentry parameters as a function of true anomaly of relrofire from various pitch angles for 80/2000 nautical mile orbit. 
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(b) Time from retrofire and cenlral angle for retrograde AV — 100 feet per second. 
Figure 6.- Continued. 
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(c) Fllglit-patll angle and velocity for retrograde AV = 500 feet per second. 


Figure 6.- Continued. 
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(d) Time From retroflre and central angle for retrograde AV = 500 feet per second. 

Figure 6." Continued. 
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Inertial flight-path angle at 400 000 feet 



Inertial velocity at 400 OOO feet, 


CD 


29 800 
29 400 
29 000 
>~28 600 
28 200 
27 800 
27 400 
27 000 
2b bOO 
20 200 

0 40 80 120 160 200 240 280 320 360 

True anomaly of retroflre, deg 



for retrograde AV = 900 feet per second. 


6.- Continued. 






Time from retrofire to 400 OOO feet, At, rr»n 
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(f) Time from retrofire and central angle for retrograde A V = 900 feet per second. 


Figure 6.- Continued. 
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(g) Flight- path angle and velocity for retrograde AV = 1300 feel per second. 
Figure 6.- Continued. 
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th) Time from retrofire and central angle for retrograde AV = 1300 feet per second. 

Figure 6.- Continued. 
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(i) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 6.- Continued. 
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(j) Tjme from retrcfird and central angle for retrograde AV - 1700 feel per second. 
Figure 6.- Continued. 
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(k) Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
Figure 6.- Continued. 
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(I) Time from retrofire and central angle for retrograde AV = 21 00 feel per second. 


Figure 6.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV = 100 feet per second. 

Figure 7 - Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 80/4000 nautical mile orbit, 





Time from retrofire to 400 000 feet. At, min 



(b) Time from retrofire and central angle for retrograde AV “ 100 feet per second. 
Figure 7.- Continued. 
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True anomaly of retrof Ire, B ^ , deg True anomaly of retrofire, 9 deg 

(c) FI ighl-patli angle and velocity for retrograde AV = 500 feet per second. 


Figure 7.- Continued. 










Time fr-am retroflre to 400 000 Feet., At/ min 



(d) T ime from retroflre and central angle for retrograde AV = 500 Feet per second. 


Figure 7.- Continued 




Inertial flight- path at 400 000 feet 



(e) Flight-path angle and velocity for retrograde A V=9 00 feet per second 
Figure 7.- Continued, 











tf) Time from rctroflre ami central angle for retrograde AV=900 feet per second. 
Figure 7.- Continued. 
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Figure 7.- Continued 
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(6) Time from retroflre and central angle for retrograde AV=1300 feet per second 
Figure 7.- Continued. 
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(i) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 7.- Continued. 










Cj> Time from retroffre and central angle (or retrograde AV=1700 feet per second. 


Figure 7.- Continued. 
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(k) FI fglit- path angle and velocity for retrograde AV — 2100 feet per second . 
Figure 7.- Continued. 






(I) Time from retroflre and central angle for retrograde AV=2100 feet per second. 


Figure 7.- Concluded. 
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* (a) Flight-patli angle and velocity for retrograde AV = 100 feet per second . 

Figure 8.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 80/6000 nautical miles orbit 






Time from retro fire to 400 000 feet. At, min 



<f>) Time from retroftre and central angle for retrograde AV = 100 feet per second. 
Figure 8.- Continued. 
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(c> plight-path angle and velocity For retrograde AV = 500 feel per second. 
Figure 6.- Continued. 
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td) Tims from retrofire and central angle for retrograde AV = 500 feet per second, 
Frgure 8 Continued. 
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True anomaly of retrofit, V deg , True anomaly of retrof ire, deg 


(e) Flight-path angle and velocity for retrograde AV = 900 feet per second. 
Figure 3.- Continued. 
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<f) Time from retrofire and central angle for retrograde AV = 900 feet per second. 


Figure 8,- Continued. 












Time from retrofire to 400 000 feet, At, min 
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(h) Time from retrofire and central angle for retrograde AV = 1300 feet per second, * 

Figure 8.- Continued, 





(15 F light-path angle and velocity for retrograde AV= 1700 feet per second. 
Figure 8.- Continued. 
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CJ) Time from retroflre and central angle for retrograde AV= 1700 feet per second. 

Figure 8.- Continued. 
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Inertial flight-path angle at 400 000 feet, y , deg 



Ck> Flight-path angle and 


Inertial velocity at 400 000 feet. 
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for retrograde AV = 2100 feet per second 
8.- Continued. 
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(13 Time from retroflre and central angle forretrograde 6V = 2100 feet per second. 
Figure 8.- Concluded. 
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(ai Flrglit-path angle and velocity for retrograde AV = 100 feel per second. 

Figure 9.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 80/10 OOO nautical mile orbit, 
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(l)> Time from retroflre and central angle for retrograde AV = 100 feet per second. 
Figure Continued. 
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for retrograde AV = 500 feet per second, 
f 9.- Continued, 














(dD Time from retroflre and central angle for retrograde AV = 500 feet per second. 
Figure 9.** Continued. 
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Inertial flight-path angle at 400 000 Feet, yy 
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9,- Conspired. 
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(f) Time from retrofire and central angle for retrograde 6V = 900 feel per second . 


Figure 9.- Continued, 
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Inertial flight-path angle at 400 000 feet, y , deg 
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tg) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 9.- Continued. 
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fill Time from retrof ire and central angle for retrograde AV = 1300 feet per second. 
Figure 9.- Continued. 
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Inertial flight-path angle at 400 000 feet, y |f deg 
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(I) Fllghl-patU angle and velocity for retrograde AV - 1700 feet per second. 
Figure 9.- Continued* 



(j) Time from retrofire and central angle for retrograde AV - 1700 feet per second. 
Figure 9.- Continued. 
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(k) Flight- p atli angle and velocity For retrograde iV — 2100 feet per second. 
Figure 9.- Continued. 












(I) Time from reti-ofire and central angle for retrograde AV = 2100 feet per second. 
• Figure 9.- Concluded. 



True anomaly of retrofire, 0 TR , deg 



True anomaly of retrofl re, 0 y R , deg 


(a> Fllglit-pakh angle and velocity for retrograde AV = 100 feet per second. 

Figure 10.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for a 100/300 nautical mile orbit. 




(b) Time from retrofire and central angle for retrograde AV = 1QO feet per second, _ 
Figure 10.- Continued. 
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(c) Fllglit-path'angle and velocity for retrograde AV = 300 feet per second* 
Figure 10,- Continued, 
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(d) Time from retroflre and central angle for retrograde AV = 300 feet per second, 
Figure 10.- Continued, 
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(e> Flight-path angle and velocity for retrograde AV = 500 feet per second. 
. ' Figure 10.- Continued. 







(f) Time from retroflre and central angle for retrograde AV - 500 feet per second. 


\o 

-O 


Figure 10.- Continued. 
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(g) Flight-path angle and velocity for retrograde AV = 700 feet per second. 


Figure 10.- Continued. 
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(a) Fliglit-patli angle and velocity for retrograde AV = 100 feet per second. 


Figure 11.- Reentry parameters as a function of true anomaly of retrofit from various pitch angles for 100/600 nautical mile orbit. 
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True anomaly of rctroflre, deg _ ' True anomaly of retroflre, deg 

(b) Time from retroflre and central angle for retrograde &V = 100 feet per second. ‘ 

• Figure 11.- Continued. 
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(c) Fllglit-patli angle and velocity for retrograde AV = 300 fed per second, 
Figure 11.- Continued. 
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(d) Time from retroflre and central angle for retrograde AV = 3.00 feet per second. 


Figure 11.- Continued. 
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(e> FI Ight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 11,- Continued. 
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(0 Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 11,- Continued, 


<D 

O'* 




True anomaly of retroflre, 8^ deg 


(g) Flight— path angle and velocity For retrograde AV= 700 feel per second 
Figure 11.- Continued. 
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(h) Time from retroflre and central angle for retrograde AV=700 feet per second. 

Figure 11.7 Concluded. 
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Inertial flight-path at 400 000 feet 



(a) Flight-path angle and veloclt 


Figure 12.- Reentry parameters as a function of true anomaly 


Inertial velocity at 400 000 feet, 
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(b) Time from retroflre and central angle for retrograde AV = 100 feet per second. 

Figure 12.- Continued. 
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Inertia! flight-path angle at 400 000 feet 



fc) Fl I glit-path angle and 


Inertial velocity at 400 000 feet, V,, Fps 


H 

s 


27 400 
27 200 
27 000 
26 800 
26 600 
26 400 
26 200 
26 000 
25 800 
25 600 
25 400 



True anomaly of rctrofire, 0 TR , deg 


/ 


t for retrograde AV = 300 feet per second 
12,- Continued, 
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Inertial flight-path at 400 000 feet 



Figure 12.- Continued. 
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(f) Time from retroflre and central angle for retrograde 6V = 500 feet per second. 

Figure 12.- Continued. 
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(g) Flight-path angle and velocity For retrograde AV = 700 feet per second. 
Figure 12,- Continued. 
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Ch) Time from retroflre and central angle for retrograde AV = 700 feet per second. 
Figure 12.- Concluded. 


Inertial flight-path angle at 400 000 feet, /j, deg 
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(a) Flight-path angle and velocity for retrograde AV = 100 feet per second. 

Figure 13.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 100/1000 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde AV = 100 feet per second, 
Figure 13.- Continued. 
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(c) Flight-jiath angle and velocity for retrograde AV = 300 feet per second. 
Figure 13.- Continued, 
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(d) Time from retroflre and central angle for retrograde AV = 300 feet per second, 
Figure 13.- Continued. 
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Figure 13«- Continued 
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(f> Time from retrof ire and central angle for retrograde AV = 500 feet per second. 


Figure 13.- Continued. 


Inertia! flight-path angle at 400 000 feet, yj, deg 



(g) Flight-path angle and velocity for retrograde AV = 700 feet per second. 


Figure 13,- Continued 
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Time from refrofire to 400 000 feet. At, min 



(li) Time from retroflre and central angle for retrograde AV - 700 feet per second* 
Figure 13 .-Concluded. 
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True anomaly of retro fire, 8yp, deg 


(a} Flight-path angle and velocity for retrograde 6V = 100 feet per second. 

Figure 14.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 100/2000 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde AV = 100 feet per second. 


Figure 14.- Continued 
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True anomaly of retroflre, 8 TR / deg 


(c) FI I glit-path angle and velocity for retrograde AV = 500 feet per second. 


Figure 14.- Continued 


Time from retroflre to 400 000 feet, At, min 
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Tree anomaly of retroflre, 0 TR , dog True anomaly of retroflre, 0 TR/ deg 

(d) Time from retroflre and central angle for retrograde AV = 500 feet per second. 

Figure 14.- Continued. 
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(e) Flight-path angle and velocity for retrograde AV = 900 feet per second. 
Frgure 14.- Continued. 
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(f> Time from retroflre and central angle for retrograde AV = 900 feet per second. 
Figure 14.- Continued. 
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True anomaly of retroflre, 9^. R , deg 


(g) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 14.- Continued. 







Time from retroflre to 400 000 feet. At, min 



(h) Time from retroflre and central angle for retrograde AV = 1300 feet per second. 
Figure 14.- Continued. 
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Inertial flight-path angle at 400 000 feel, y., deg 



(I) Flight-path angle and 


Inertial velocity at 400 000 feet, 
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;y for retrograde AV — 1700 feet 'per second. 
14.- Continued. 



(j) Time from retroflrc and central angle far retrograde AV = 1700 feet per second. 
Figure Id.- Continued. 
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(l) Flight-path angle and velocity for retrograde AV = 2100 feet per second 
Figure 14,- Continued. 
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(I) Time from retroflre and central angle for retrograde AV = 2100 feet per second. 

Figure 14. « Concluded. 


£3 


Inertial Jligiit-patli angle at 400 000 feet, y t , deg 
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True anomaly of rctroflre, 9 


(a) Flight-path angle and velocity for retrograde AV - 100 feet per second. 

Figure 15.- Reentry parameters as a function of true anomaly of retrofit from various pitch angles for 100/4000 nautical mile orbit. 
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(b) Time from retrofire and central angle for retrograde AV = 100 feet per second. 

Figure 15.- Continued. 
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Inertial flight*patfi angEc at 400 000 feet. 
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(c> Flight-path angle and 


Inertial velocity at 400 000 feet. 
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nty for retrograde AV = 500 feet per second. 
15,- Continued. 
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Cd> Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 15.- Continued* 
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(e) Flight-path angle and velocity for retrograde AV = 900 feet per second. 


Figure 15 Continued 
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(f) Time from retrofire and central angle for retrograde AV = 900 feel per second. 
Figure 15.- Continued. 
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(g) FI Iglit-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 15.- Continued. 
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(h) Time from retrofit and central angle for retrograde AV = 1300 feet per second. 

Figure 15.- Continued. 
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Cl) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 15.- Continued. 







(J) Time from retrofire and central angle for retrograde AV = 1700 feet per second. 
Figure 15.- Continued. 
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(k) Flight-path angle and velocity For retrograde AV - 2100 feet per second. 
Figure 15," Continued* 
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(I) Time from retrofire and central angle for retrograde AV = 2100 feet per second, 
figure 15.- Concluded. 
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Ca) Flight-path angle and velocity for retrograde AV = 100 feet per second. 

Figure 16.- Reentry parameters as a function of true anomaly of relroflre from various pitch angles for 100/6000 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde AV— 100 feet per second. 
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Figure 16.- Continued. 
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(c) Flight-path angle and velocity for reUro&rade AV = 500 feet per second 
Figure 16.- Continued. 




(d) TTjne from retroflre and central angle for retrograde AV = 500 feet per second. 

Figure 16.- Continued. 
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True anomaly of retrofire, 6j.p, deg 



(e) Fllgiit-patli angle and velocity for retrograde AV=900 feet per second. 
Figure 16.- Continued. 
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(fl Time from retroflre and central angle for retrogradoAV=900 feet per second. 
Figure 16.- Continued. 
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(g) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 16.- Continued. 
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(h) Time from retrofire and central angle for retrograde AV = 1300 feet per second . 
Figure 16.- Continued. 
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(I) Flight-path angle and 


Inertial velocity al400 000 feet. 
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16.- Continued. 
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(J) Time from retrofit and central angle for retrograde AV=170Q feet per second . 

Figure 16.- Continued. 
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Inertial flight-path angle at 400 000 Feet, y ( , deg 
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(I) Time from retroflre and central angle for retrograde A V — 2100 feet per second. 
Figure 16.“ Concluded. 




(a) Flight-path angle and velocity for retrograde AV= 100 feet per second. 

Figure 17.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for a 100/1000 nautical mile orbit. 
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' (b) Time from retroflre and central angle for retrograde AV =100 feet per second. 


Figure 17.- Continued 


Inertial flight-path angle at 400 000 feet. 




<c) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 17,- Continued, 


Time from retroflre to <100 000 feet. At, min 
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(d) Time from retroflre and central angle for retrograde AV — 500 feet per second. 
Figure 17.- Continued. 
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Cg> Flight- path angle and velocity for retrograde 4V= 900 feet per second. 


Figure 17.- Continued 
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<f) Time From retroflre and central angle for retrograde AV= 900 feet per second. 
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Figure 17.- Continued, 



Figure 17.- Continued, 
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T/me from retrofire to A 00 000 feet, hi, roJn 



(h) Time from retroflre and central angle for retrograde AV = 1300 feet per second. 
Figure 17.- Continued. 
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(i) Flight-path angle and veloclly for retrograde £V — 1700 feet per second. 
■ Figure 17.- Continued. y 
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(J> Time from retroflre and central angle for retrograde AV = 1700 feet per second. 
Figure 17.- Continued. 
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(k) Fllglit-path angle and velocity For retrograde AV = 2100 feet per second 
Figure 17.- Continued. 





(I) Time from retroflre and central angle for retrograde AV — 2100 feet per second. 
Figure 17.- Concluded. 
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<a) FlEght-path angle and velocity for retrograde AV = 300 feet per second. 

Figure 18.- Reentry parameters as a function of true anomaly of retrofire from various pilch angles for a 125/300 nautical mile orbit. 
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(b) Time from retroflre and central angle fir retrograde AV = 300 feet per second. 


Figure 18.- Continued. 


—0 

00 





H 

-3 

4 =" 



fc) Fligiit-path angle and velocity for relragradc&V=500 feetper second. 
Figure 18.- Continued. 






{d) Time from relroflre and central angle for retrograde AV- 500 feet per second. 
Figure 18.- Continued. 
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(e) FI iglit-path angle and velocity for retrograde AV = 700 feet per second. 
Figure 18.- Continued. 
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(f) Time from retrofire and central angle for retrograde AV= 700 feet per second. 
Figure 18.- Concluded, 
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(a) Fllgfit-patii angle and velocity for retrograde AV = 300 feet per second. 

Figure 19.- Reentry parameters as a function of true anomaly of relrofire from various pitch angles for 125/600 nautical mile orbit. 





(b) Time From rctroFIre arid central angle for retrograde &V = 300 Feet per second. 
Figure 19.- Continued. 
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(c) Flight-path angle and velocity for retrograde AV= 500 feet per second. 


Figure 19.- Continued, 
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td) Time from relrofire and central angle for retrograde AV=500 feet per second. 
Figure 19.- Continued. 
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(e) Flight-path angle and velocity for retrograde &V=700 feet per second. 


Figure 19.- Continued. 
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{f> Time from retrofire and central angle for retrograde AV=700 feet par second. . 
Figure 19.- Concluded. 
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(a) Flight-path angle and velocity for retrograde iV=s 300 feet per second. 

Figure 20.- Reentry parameters as a function of true anomaly of rctrofire from various pitch angles for a 125/800 nautical mile orbit. 
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(b) Time from retreflre and central angle for retrograde AV=300 Feet per second. 
Figure 20.- Continued. 
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fc) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 20,- Continued, 



<d> Time from retroflre and central angle for retrograde AV= 500 feet per second. 
Figure 2 0.- Continued. 
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True anomaly of relraflre, & TR , deg , True anoma | y of rctroflre< e deg 

(e) FHght-path angEe and velocity for retrograde AV=700 feet per second- 
Figure 20.- Continued, 
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tf) Time from rctroflre and central angle for retrograde AV= 700 feet per second. 
Flgure'20.- Concluded. 
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Inertial flight-path angle at 400 000 feet 
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(a) Flight-path angfc and velocity for retrograde AV = 300 foot por second. 

Figure 21.- Reentry parameters as a function of hue anomaly of rctroflre from various pitch angles for 125/1000 nautical mile orbit. 
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(b) Time from r-etroflre and central angle 


Figure 21 



Inertial flight-path angle at 400 000 feet, deg 
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<d) Time from retroFlre and central angle for retrograde AV=500 feet per second* 
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<c) Flight-path angle and velocity for retrograde &V = 700 feet per second, , 


Figure 21.- Continued. 
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(f) Time from retroflre and central angle for retrograde AV = 700 feet per second. 
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Figure 21.- Concluded. 
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(a) Flight-path angle and velocity for retrograde iV = 100 feet per second. 

Figure 22.- Reentry parameters as a function of true anomaly of rctroflro from various pitch angles for a 125/2000 nautical mile orbit. 
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(b> Time from relroflre and central angle for retrograde AV = 10O feet per second . 
Figure 22.- Continued. 
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Inertial flight-path angle at 400 000 feet, y t , deg 
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fc) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 22.- Continued. 
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(d) Time from retroflre and central angle for retrograde AV = 500 feel per second. 
Figure 22,- Continued. 
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(e) Flight-path angle and velocity for retrograde AV = 900 feet per second. 
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<f) Time from relroflro and central angle for retrograde AV = 900 feet per second. 

Figure 22.- Continued. 
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(g) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 


Figure 22.- Continued 
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22,- Continued. 


ro 

O 

CO 


29 800 



(i) Flight-path angle- and velocity for retrograde AV = 1700 feel per second. 
Figure 22.- Continued. 
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(j) Time from retrof fre and central angle for retrograde AV = 1700 feet per second, 
figure 22.- Continued. 
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<k) Fllglit-path angle and velocity for retrograde AV = 2100 feet per second* 
Figure 2 2 Conti nued * 
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(I) Time from retroflre and central angle for retrograde AV = 2100 feet per second. 


Figure 22.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV = 100 feet per second. 

Figure 23.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 125/4000 nautical mile orfclt. 
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(b) Time from retrofit and central angle.for tetrcgrade AV = 100 feet per second, 
Figure 23.- Continued. 


209 




True anomaly of retroflre, 9 TR , deg 


True anomaly of retr oFire, ©f- R , deg 


(c) Flight-path angle and velocity for retrograde AV = 500 feet per second, 

Figure 23.- Continued. 
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(d) Time from retroflre and central angle for retrograde AV = 500 feet per second. 
Figure 23,- Continued. 
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(e> Flight-path angle and velocity for retrograde AV = 900 feet per second. 


Figure 23.- Continued, 
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(f) Time from relroflre and central angle for retrograde AV = 900 Feet per second. 
Figure 23. - Continued. 
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(g) Flight-paUi angle and velocity for retrograde AV = 1300 feet per second. 


Figure 23.- Continued. 
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(h> time from retro fire and central angle for retrograde AV = 1300 feet per second. 
Figure 23,- Continued, 
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([> Flight-path angle and velocity for retrograde AV = 1700 feet per second* 
Figure 23. ~ Continued. 
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Figure 23.- Continued. 
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(k) Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
Figure 23.- Continued, 




40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360 

True anomaly of retroflre, deg True anomaly of retroflre, Oj^, deg 

(I) Ttrrc from retroflre and central angfe for retrograde AV = 2100 feet per second. 

Figure 23.- Concluded. 
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‘ Ca> Flight-path angle and velocity for retrograde AV= 100 feet per second. 

Figure 24.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 125/6000 nautical mile orbit. 
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<b) Time from retrofl re and central angle for retrograde A V= 1 00 feet per second. 
Figure 24.- Continued. 
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fc) FligKt-path angle and velocity for retrograde AVs=f>00 feet per second. 


Figure 24.- Continued. 



(d) Time from retrofire and central angle for retrograde &V= 5 00 feet per second. 
Figure 24,- Continued. 
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Time from retrofire to 400 000 feet. At, min 




0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360 

True anomaly of retrofire, 0j. R , deg True anomaly of retrofire, 9^, deg 

tel Flight-path angle and velocity for retrograde AV= 900 feet per second. 

Figure 24.- Continued. 



(f) Tims from retroflro and central angle for retrograde AV= 900 feet per second. 
Figure 24.- Continued. 
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Cg) Flight-path angle and velocity for retrograde AV = 1300 feet per second, 
Figure 24.- Continued. 
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<h> Tune from retrofire and central angle for retrograde AV = 1300 feet per second. 
Figure 24*- Continued. 



True anomaly of retroflre, 6 deg True anomaly of retroflre, 6 TR , deg 

(I) Flight-path angle and velocity for retrograde AV - 1700 feet per second. 

Figure 24 . - Continued. 
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(J) Time from retroflro and central angle for retrograde AV = 1700 feet per second. 
Figure 24.- Continued. 
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Inertia! velocity at 400 000 feet 4 
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/ for retrograde AV = 2100 feet per second. 
24.- Continued* 
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(I) Flight— path angle and velocity for retrograde A V = 2100 feet per second. 
* Figure 24,- Concluded. 
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(a) FI (glit-path angle and velocity for retrograde AV=100 feet per second. 

Figure 25.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 125/10 000 nautical mile orbit, 
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(b) Time from retroflre and central angle for retrograde AV=100 feet jier second. 

Figure 25.- Continued. 
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Figure 25.- Continued. 





(d) Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 25.- Continued* 
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Inertial flight-path angle at 400 000 feet, y^, deg 
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(0 Time from retroflre and central angle for retrograde AV=$00 Feet per second. 

Figure 25.- Continued. 
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tg) Flight-patli and velocity (or retrograde AV=1300 feet per second. 
Figure 25.- Continued. 
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Time from retrofire to 400 000 feet, At, min 
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(h) Time from retrofire and ceatral angle for retrograde AV=13O0 feet per second. 
Figure 25.- Continued. 
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(i) Flight-path angle and velocity for r etiogra<ie6V=1700 feet per second. 
Figure 25.- Continued. 
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(J) Time from retroflre and centra! angle for retrograde A V=17 00 feet per second. 

i 

Figure 25.- Continued. 
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True anomaly of retrofit, 6^, deg 


’ (k) FClgfit-path angle and velocity for retrograde AV=210D feet per second, 
Figure 25.- Continued. 




Figure 25,- Concluded. 
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(a) Fhglit-path angle and velocity for retrograde AV - 300 feet per second. 

Figure 26.- Reentry parameters as a function of true anomaly of rclrofire from various pitch angles for 150/300 nautical mile orbit. 
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(b) Time from retroftre and central angle for retrograde AM =300 feet per second. 

Figure 26.- Continued. 
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True anomaly of retroflre, 0 -j-p, deg True anomaly of retroflre, 9 y^i deg 

(c) Flight-path angle and velocity for retrograde AV = 500 feet per second . 

Figure 26.- Continued. 
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(d) Tima from re-lroflre and central angle For retrograde AV = 500 feet per second. 
Figure 26.- Continued. 
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(e) Fliglit-patli angle and velocity for retrograde AV = 700 feet per second. 
Figure 26.- Continued. 
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(f) Time from retroflre and central angle for retrograde AV = 700 feet per second. 
Figure 26.- Concluded. 
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fa) night-path angle and velocity for retrograde A V = 300 feet per second. 

Figure 27.- Reentry parameters as a function of true anomaly of retrofirc ftp in various pitch angles for 150/600 nautical mile orbit. 



(b) Time from retroflre and central angle for retrograde AV = 300 feet per second. 
Figure 27,- Continued. 





True anomaly of retrofl re, ®TR ' _ True anomaly of retroflre, 0^. R , deg 

(c) Flight-path angle and velocity for retrograde AV a 500 feet per second. 


Figure 27 Continued. 


252 




True anomaly of retroflre, 0yp, deg • True anomaly of retrofire, 0 JR , deg 

(d) Time from retroflre and central angle for retrograde AV = 500 feet per second. 

Figure 27.- Continued. 
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Inertial flight-path angle at 400 000 feet, y ( , deg 
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(e) Flight-path angle and velocity for retrograde AV — 700 feet per second, 
, Figure 27.- Continued. 
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(f) Time from retroflre and central angle for retrograde AV = 700 feet per second. 

Figure 27,- Concluded. 
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Inertial flight-path angle at 400 000 feet,yj, deg 
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(a) Flight-path angle and velocity for retrograde AV = 300 feet per second. 1 

Figure 28,- Reentry parameters as a function of true anomaly of relroflre from various pitch angles for 150/800 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde AV = 300 feet per second. 


Figure 28.- Continued 
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True anomaly of rctroflre, 6-j- R ,deg 


fc) FI Iglit-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 28.- Continued 
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(dl Tlrpo from relrofire and central angle for retrograde AV = 500 feet per second. 
Figure 28.- Continued 
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(e) Flight-path angle and velocity for retrograde AV= 700 Feet per second. 
Figure 28,- Continued 
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(f) Time from retroflre and central angle for retrograde AV = 700 foct per second. 
Figure 28 1 - Concluded 
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Inertial flight-path angle at 400 000 feet. 




(a) Flight-path angle and velocity for retrograde AV=300 feet per second. 

Figure 29.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 150/1000 nautical mile orbit. 
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Time from retro fire to 400 000 feet. At, min 



Figure 29.- Continued. 
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(c) FI Ight-path ang le and velocity for retrograde AV=500 feet per second . 
Figure 29,- Continued. 



W) Time from retroflre and central angle for retrograde AV=500 feet per second. 
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Figure 29.- Continued 
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Ce) Flight-path angle and velocity for retrograde AV=700 feet per second. 
Figure 29,- Continued. 
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(0 Time from retroflre and central angle for retrograde AV=700 feet per second. 
Figure 29.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV = 500 feet per second. 

Figure 30,- Reentry parameters- as a function of true anomaly of retroflro from various pitch angles for 150/2000 nautical mtle orbit, 
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(b) Time from relroflrc and cenlral angle for retrograde AV = 500 feet per second 
Figure 30.- Continued. 
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(c) Flight-path angle and velocity for retrograde AV= 900 feet per second. 
Figure 30,- Continued. 
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M> Timefrom retroftre and central angle for retrograde A V = 900 feet per second. 


Figure 30.- Continued.' 
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(c) Flight-path angle and velocity for retrograde 6V = 1300 feet "per second. 


Figure 30.- Continued, 
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(g) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 30.- Continued. 
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0> Flight-path angle and velocity 
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Figure 30.- Continued. 



0) Time from retrofit and central angle for retrograde AV = 2100 feet per second . 
Figure 30.- Concluded, 
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(a) Flight-path angle and velocity for retrograde AV = 500 feel per Second. 

Figure 31.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 150/4000 nautical mile orbit 
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(b) Time from relrofire and central angle for retrograde AV = 500 feet per second. 
Figure 31.- Continued. 


. "ro 
~ -3 
VO 


Inertia! flight-path angle at 400 000 feet, y., deg 

I I I t I 1 




True anomaly of retroflre, ^eg True anomaly of retroflre, O-j-R' < * e S 


fc) Flight-path angle and velocity for retrograde AV = 900 feet per second. 
Figure 31.- Continued. 
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Orbit referenced central angle of travel front retrcffre to 400 000 feet 



igle for retrograde AV = 900 feet per second. 
L.> Continued. 
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(a) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 31.- Continued. 
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(0 Time from retrofit and central angle for retrograde A V a 1300 feet per second 
Figure 31,- Continued. 
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(g) Flight-path angle and velocity for retrograde AV = 1700 feet per second, 
Figure 31 Continued. 



(h) Time from retrofire and central angfe for retrograde AV = 1 700 Feet per second. 
Figure 31 Continued. 
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(I) Flight-path angle and velocity for retrograde AV — 2100 feet per second. 
Figure 31.- Continued. 



(J)Tjme from retrofire and central angle for retrograde AV = 2100 feet per second/ 
Figure 31.- Concluded. 
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(a) Flight path angle and velocity for retrograde AV = 500 feet per second. 

Figure 32.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 150/6000 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde A V = 500 feet per second. 
Figure 32,- Continued. 
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(d) Time from relroflre and central a 
Figure 


Orbit referenced central angle of travel from retroflre to 400 000 feet, 0 C , deg 



for retrograde AV = 900 feet per second. 
- Continued. 
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(c) Flight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 32.- Continued. 



(f) Time from retroflrc and central angle for retrograde AV ~ 1300 feet per second, 
Figure 32.- Continued . 
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(g) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 32,- Continued. 
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(1) Flight-path angle and velocKy'for retrograde AV = 2100 feat par second. 
Figure 32.- Continued . 


Time from retrofire to 400 000 feet. At, min 


288 




0 ‘ 40 80 120 ' 160 200 240 280 320 

i True anomaly of retrofire, 9.^, deg 


360 


40 80 120 160 200 240 280 320 360 

True anomaly of retrofire, 6^.^, dog 


(j) Time from retrofire and central angle for retrograde AV = 2100 feet per second. 
• Figure 32.- Concluded. 
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(b) Time from relroflre and central angle for retrograde AV = 100 feet per second. 

Figure 33 Continued, 
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(c) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 33.- Continued. 
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(d) Time from retroflre and central angle for retrograde AV = 500 feet per second. 
Figure 33.- Continued. 
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(e) Flight-path angle and velocity for retrograde AV = 900 feet per second. 


Figure 33.- Continued 
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(f) Time from retroflre and central angle for retrograde AV = 900 feet per second. 
Figure 33.- Continued, 
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Ch) Time from retrollre and central angle For retrograde AV = 1300 Feet per second. 
Figure 33.- Continued. 
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33,- Continued, 




(J) Time From retrof Ire and central angle for retrograde AV = 1700 feet per second. 
Figure 33.- Continued. 
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(It) Flight-path angle and velocity for retrograde AV = 21QQ feet per second. 


Figure 33.- Continued. 



(I) Time from retroflre and central angle for retrograde AV= 2100 feet per second. 
Figure 33,- Concluded, 
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f . True anomaly, of retroflre, 0 T p, deg j , 


fa) Flight-path angle and velocity for retrograde 6V= 3 00 feet per second. 

Figure 34.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 200/300 nautical mile orbit. 
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(b) Time from retroflre and central angle for retrograde AV=3O0 feet per second. 

Figure 34.- Continued. 
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fc> Flight-path angle and velocity for retrograde AV=500 feet per second. 

Figure 34*- Continued. 
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(d) Time from retrofire and central angle for retrograde AV=500 feet per second, 
Figure 34.- Continued. 
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fe) Flight-path angle and velocity for retrograde AV=700 feet per second. 
Figure 34,- Continued* 



(0 Time from retroflre and central angle for retrograde AV = 700 feet per second. 
Figure 34.- Concluded. 
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Ca) Flight-path angle and velocity for retrograde AV = 300 feet per second. 

Figure 35.- Reentry parameters as a function of true anomaly of retroflre from various pitch angles for 200/400 nautical mile orbit. 



(b) Time From retroflre and central angle for retrograde AV = 300 feet per second . 
Figure 35.- Continued. 
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y for retrograde AV = 500 feet per second. 
35.- Continued. 



(d) Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 35,- Continued, 
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Figure 35.- Continued. 
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([> Time from retroflre and central angle for retrograde AV = 700 feet per second. 

Figure 35.— Concluded. 
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True anomaly of retraHre, 0^, deg 


(a) Flight-path angle and velocity for retrograde AV = 300 feet per second. 

Figure 36.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/600 nautical mile orbit. 
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(b) Time from retroflrc and central angle for retrograde AV = 300 feet per second. 
Figure 36.- Continued. 
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(c) Flight-path angle and velocity for retrograde, 6V = 500 feet per second 
Figure 36.- Continued. 
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True anomaly of retrofire, 0 TR , deg True anomaly of retoflre, 0 TR , deg 

(d> Time from retrofire and central angle for retrograde AV - 500 feet per second. 

Figure 3 6*- Continued, 
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(e) Flight-path angle and velocity for retrograde AV = 700 feet per second. 
Figure 36,** Continued. 




(f) Time from retro fire and central angle for retrograde AV = 700 feot per second. 
Figure 36.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV = 300 feet per second. 

Figure 37 Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/800 nautical mile orbit. 
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(b) Time from retro fire and central angle for retrograde AV = 300 feet per second. 
Figure 37.- Continued. 
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(c) Flight-path angle and velocity for retrograde AV = 500 feet per second 
Figure 37.- Continued. 
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(d) Time From retroflre and central angle For retrograde AV = 500 feet per second. 
- Figure 37.- Continued. 
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(&) Flight-path angle and velocity for retrograde AV “ 700 feet per second. 
Figure 37.- Continued, 
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(f) Time frgrn rctroflre and central angle far retrograde AV = 700 feet per second. 
Figure 37.- Concluded. 
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(a) Flight-path angle and velocity for retrograde AV = 300 feet per second. 

Figure 38.- Reentry parameters as a function of true anomaly of retroftre from various pitch angles for 200/1000 nautical mile orbit. 
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(b) Time from retroflrc and central angle for retrograde AV = 300 feet per second, 
Figure 38.- Continued. 
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(d) Time from retroflre and central angle for retrograde AV — 500 feet per second. 


Figure 38.- Continued 




CO 



0 40 80 120 160 200 240 280‘ 320 360 



0 40 80 120 160 200 240 280 320 360 


. True anomaly of retroflre, 9^, deg 


True anomaly of retroflre, 8 TR' dog 


(c) Fllglit-patli angle and velocity for retrograde a V = 700 feet per second, 
Figure 38,- Continued. 



(f) Time from retroflre and central angle for retrograde AV = 700 feet per second. 
Figure 38*- Concluded. 
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(b> Time from retroflre and central angle for retrograde AV = 500 feet per second. 

Figure 39.- Continued. 
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(c) Flight-path angle and velocity for retrograde AV= 900 feet per second. 
Figure 39.- Continued. 
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Ml Time from retroflre and central angle for retrograde AV= 900 feet per second. 
Figure 39.- Continued. 
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(el Flight-path angle and velocity for retrograde 4V= 1300 feet per second. 


Figure 39.- Continued. 
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(f) Time from retrofire and central angle for retrograde AV = 1300 feat per second. 

Figure 39.- Continued. 
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C 9 > Flight-path angle and velocity far retrograde AV = 1700 feet per second. 
Figure 39.- Continued. 
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<h> Time frotti retroFire and central angle for retrograde AV = 1700 feet per second. 
1 Frgure 39.- Continued. 
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Inertial filglit-path angle at 400 000 feet, y., deg 
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(|) Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
Figure 39.- Continued . 



(J5 Time from retrofit and central angle For retrograde AV = 2100 feet per second, 
Figure 39.- Concluded. 
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Inertial flight-path angle at 400 000 feet. 
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(a) Flight-path angle and velocity far retrograde 6V = 500 feet per second. 

Figure40.- Reentry parameters as a function of true anomaly of retrofits from various pitch angles for 200/4000 nautical mile orbit. 
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te! Flight-path angle and velocity for retrograde AV = 90Q feet per second. 

Figure 40.- Continued. 



(d> Time from retroflrc and central angle for retrograde AV = 900 feet per second. 
Figure 40.- Continued. 
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(e) FI Ight-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 40,- Continued. 



(f) Time From retroflre and central angle for retrograde AV = 1300 feet per second. 
J Figure 40.- Continued. 
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Inertial flight-path angle at 400 000 feet. 
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(g) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 40.- Continued. 
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(h) Time from retroflre and central angle for retrograde AV = 1700 feet per second. 
Figure 40.- Continued. 
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(I) Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
Figure 40,- Continued. 



(J) Time from retroflrc and central angle for retrograde AV = 2100 feet per second. 
Figure 40.- Concluded, 
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Figure 41.- Reentry parameters as a function of true anomal 
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(b) Time from retrofit and central 


Orbit referenced central angle of travel from retroflre to 400 000 feet, 


41.- Conttnued, 
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<c) Flight-path angle and velocity for retrograde AV — 900 feet per second. 
Figure 41,- Continued. , 
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(d) Time from retroflre and central angle for retrograde AW = 900 feet per second. 
Figure 41.- Continued. 
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(e) Flight-path angle and velocity for retrograde AV = 1100 feet per second. 


Figure 41,.- Continued. 




(f) Time from retroflre and central anfflc for retrograde AV = 1300 feet per second, 

• Figure 41,- Continued. 
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Inertial flight-path angle at 400 000 feet, y [r deg 
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(g) Flight-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 41.- Continued, - 
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(h) Time from retroflre and central angle for retrograde AV = 1700 feet per second. 


Figure 41.- Continued. . 
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(I) Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
Figure 41.- Continued. 
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Orbit referenced central angle of travel from retrofire to 400 000 feet, G , deg 



for retrograde AV = 2100 'feet per second 
Concluded. 
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fa) Flight-path angle and velocity for retrograde AV = 500 feet per second* 

Figure 42.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 200/10 000 nautical mile orbit 
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(c) F light-path angle and velocity f«f retrograde AV = 9 00 feet per second. 


Figure 42.- Continued. 


Time from relrofjre to 400 000 feel. At, min 
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(e) Fliglit-path angle and velocity for retrograde AV = 1300 feet per second. 
Figure 42.- Continued. 


Time from retrofire to 400 000 feet. At, mm 
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(g> Fhglit-path angle and velocity for retrograde AV = 1700 feet per second. 
Figure 42.- Continued, 
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(h> Time from retrograde and central angle for retro gr'ade AV = 1700 feet per second. 
Figure 42.- Continued. 
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Ci) Fllghl-palh angle and velocity for retrograde AV = 2100 feci per second. 


Figure 42.- Continued, 


T ime from retrofire to 400 000 feet. At, mm 



(j) Time from retrograde and centra! angle for retrograde AV “ 2100 feet per second. 
Figure 42.- Concluded. 
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(c) Perigee altitude = 125 nautical miles 
Figure 43.- Continued. 











AV 



uo 

CD 

4 =- 






385 


REFERENCES 


1. Suler, Frank J.: General Parametric Reentry Study for Rear 

Earth Orbits. MSC Internal Rote Ro. 65-FM-45, April 29, 1965.- 

2. Pruett, William R,; General Parametric Reentry Study for Cir- 

cular Earth Orbits up to 20 000 Nautical Miles. MSC Internal 
Note No. 66-FM-47, May 20, 1966. 

3. Pruett, William R. : A Parametric Study of Central Angle of 

Travel and Time for Reentry From Near Earth Orbits. MSC 
Internal Note No. 66-FM-79, August 12, 1966, 

4. Pruett, William R.: A Parametric Study of Central Angle of 

Travel and Time for Reentry From Near-Earth Circular Orbits. 

MSC Internal Note No. 66-FM-126, October 31, 1966. 

5. Pruett, William R.: General Parametric Reentry Study for 

Several Synchronous Earth Orbits. MSC Internal Note No. 67-PM-15, 
February 3, 1967. 



